The impact of diet deprivation and subsequent over-allowance on the metabolite status, mammary development, and mammary gene expression in prepubertal gilts was determined. Forty-seven gilts were reared under a conventional (control, CTL; n = 23) or an experimental (treatment, TRT; n = 24) dietary regimen. The later regimen (consisting of diet deprivation and subsequent over-allowance) provided 70 (restriction diet, RES) and 115% (over-allowance diet, OVER) of the protein and DE contents provided by the CTL diet. Experimental diets were fed ad libitum starting at 27.7 ± 3.4 kg of BW as follows: 3 wk RES, 3 wk OVER, 4 wk RES, and 4 wk OVER. At each diet change, BW and individual feed intakes were measured, and blood samples for metabolite and IGF-I assays were obtained. Some gilts (11 CTL and 12 TRT) were slaughtered on d 235 (after reaching puberty) to collect mammary tissue for compositional analyses and measures of gene expression. Body weight gain (P < 0.01) and G:F (P < 0.05) of gilts were reduced during each period with the RES diet; however, there was no compensatory growth during the periods when the OVER diet was fed. Feeding the RES diet reduced concentrations of urea and IGF-I (P < 0.01) and feeding the OVER diet increased FFA (P < 0.01) and glucose (P < 0.10) in TRT gilts compared with CTL gilts. The TRT gilts had less parenchymal tissue (P < 0.05) and tended to have less total parenchymal fat and protein (P < 0.10) than CTL gilts. The mammary mRNA relative abundance of the signal transducers and activators of transduction 5B was decreased in TRT compared with CTL gilts (P < 0.05). In conclusion, the diet deprivation and over-allowance regimen used in the growing-finishing period did not have beneficial effects on mammary development after puberty. In fact, a detrimental effect was observed.
INTRODUCTION
Sow milk yield is largely dependent on the number of mammary cells present at the onset of lactation (Head and Williams, 1991) . There are 2 phases of rapid mammary growth in swine before lactation, namely in prepuberty (as of 3 mo) and in the last third of gestation (Sorensen et al., 2002) . It is during those phases of rapid mammary development that nutritional regimens are likely to have an impact on mammogenesis (Sejrsen et al., 1982) . Indeed, feed restriction of gilts from 3 mo of age until puberty stunts mammary development , whereas restriction before 3 mo has no effect (Sorensen et al., 2006) . In rodents, nutritionally induced compensatory growth before first parturition positively affected mammary development (Kim and Park, 2004; Park, 2005) , and this effect was thought to be linked to altered expression of genes regulating mammary development (Park, 2005) .
A beneficial effect of nutritionally induced compensatory growth was also demonstrated in dairy heifers (Park et al., 1987 and gilts (Crenshaw et al., 1989) . In the latter study, a feeding regimen (3 wk restricted, 3 wk over-allowance, 5 wk restricted, and 5 wk over-allowance starting at 21 kg, and 10 wk restricted, 6 wk over-allowance during gestation) designed to restrict growth and then induce compensatory growth during the growing, finishing and gestation phases led to a greater milk yield of sows during their first lactation with a modulation in β-casein mRNA abundance in their mammary gland (Crenshaw et al., 1989) . However, it is not known which period of treatment was most important for the observed effects and if mammary development per se was affected.
Thus, it would be of interest to determine the effects of the experimental feeding regimen used by Crenshaw et al. (1989) during the growing-finishing period only. The goal of the current study was, therefore, to determine the impact of a feeding regimen based on diet deprivation and over-allowance during the growing-finishing period on performance, metabolite status, and mammary development and gene expression in gilts.
MATERIALS AND METHODS
Animals were cared for according to a recommended code of practice (Agriculture and Agri-Food Canada, 1993) , and procedures were approved by the institutional animal care committee.
Animals and Treatments
Forty-seven Yorkshire × Landrace gilts were reared under a conventional (control, CTL; n = 23) or experimental (treatment, TRT; n = 24) regimen during the growing-finishing period. The TRT regimen was designed to restrict growth and then induce compensatory growth by providing 70% (restriction diet, RES) and 115% (over-allowance diet, OVER), respectively, of the protein and DE contents provided by the CTL diet. The RES diet was given for 3 wk starting at 67.9 ± 1.7 d of age (27.7 ± 3.4 kg of BW), followed by 3 wk of the OVER diet, 4 wk of the RES diet, and 4 wk of the OVER diet. All these diets were fed ad libitum and are described in Tables 1 and 2 . Representative feed samples were taken every 3 wk throughout the experiment for compositional analyses (shown in Tables  1 and 2 ). All gilts were weighed at each diet change (5 times) and individual feed intakes were recorded. Gilts were housed 6 per pen (2.62 × 2.65 m) with an automated recording system station (IVOG-station, Insentec, Marknesse, the Netherlands) as described by De Haer et al. (1992) . On wk 14, gilts had their backfat and LM thicknesses measured ultrasonically (Vetkoplus, Noveko, Lachine, Canada) at P2 of the last rib. Eleven of the gilts from the CTL group and 12 from the TRT group were kept until they had reached puberty (from 166 until 235 d of age) and were then slaughtered to obtain mammary glands for compositional analyses and samples of parenchymal tissue for molecular biology work. Ovaries were also collected and weighed.
During that period, gilts were fed a 13% CP (3,132 kcal/kg of DE, 0.53% lysine) commercial gestation ad libitum. The experiment took place between May 2008 and March 2009.
Blood Sampling and Assays
All animals had jugular blood samples (15 mL) taken on the day before each diet change (5 times) to measure concentrations of IGF-I, urea, FFA, and glucose. Blood sampling was always done between 0800 and 1000 h before the diet change. Blood samples were collected in EDTA tubes (Becton Dickinson and Company, Rutherford, NJ), except those for glucose analyses that were collected in tubes containing 10.0 mg of potassium oxalate and 12.5 mg of sodium fluoride to inhibit glycolysis. All samples were put on ice and centrifuged within 20 min at 4°C for 12 min at 1,800 × g, plasma was immediately recovered, and samples were frozen at −20°C until they were assayed.
Concentrations of IGF-I were measured with a commercial kit for humans (Alpco 26-G, Salem, NH) with small modifications as detailed previously (Plante et al., 2011) . Validation for a serum pool from lactating sows was demonstrated. Parallelism was 101.2% and average mass recovery was 101.3%. Sensitivity of the assay was 0.10 ng/mL. The intra-and interassay CV were 4.41 and 4.89%, respectively. Glucose was measured by an enzymatic colorimetric method with a commercial kit (Boehringer Mannheim, Laval, Qué-bec, Canada). Intra-and interassay CV were 1.67 and 1.74%, respectively. Urea was measured by colorimetric analysis (Auto-analyzer 3, Technicon Instruments Inc., Tarrytown, NY) according to the method of Huntington (1984) . Intra-and interassay CV were 1.70 and 1.30%, respectively. Concentrations of FFA were also measured by colorimetry with a commercial kit (Wako, Richmond, VA). Intra-and interassay CV were 2.06 and 3.70%, respectively.
Mammary Gland Measurements
At slaughter, mammary glands were excised from the abdominal wall of all gilts and were stored at −20°C until dissection and analyses for tissue composition. Frozen mammary glands were trimmed of skin and teats and subsequently stored at −20°C. The glands were then sawed into 2-cm slices, and mammary parenchymal tissue from each slice was dissected from surrounding adipose (i.e., extraparenchymal tissue) at 4°C, and both parenchymal and extraparenchymal tissue weights were recorded. Mammary parenchyma was defined as containing epithelial tissue, but it also contained stromal cells because boundaries between parenchymal and extraparenchymal tissues are not well defined. Parenchymal tissue from all dissected and sliced glands was homogenized, and a representative sample was used for determination of composition by chemical analysis. The DNA content of parenchymal tissue was evaluated in all samples using a method based on fluorescence of a DNA stain (Labarca and Paigen, 1980) . Dry matter, protein, and lipid contents were also measured (AOAC, 2005) . Parenchymal tissue samples were also collected for measurement of the relative mRNA abundance for IGF-I, prolactin receptor, signal transducers and activators of transduction (STAT) 5A, STAT5B, whey acidic protein, β-casein, gamma-glutamyltransferase1 (GGT1), and ornithine decarboxylase 1. These samples were frozen immediately in liquid nitrogen and stored at −80°C.
RNA Extraction, Complementary DNA Synthesis, and Real-Time PCR Amplifications of Studied Genes
Extraction of total RNA from parenchymal tissue and cDNA synthesis were performed as described previously (Labrecque et al., 2009) . The relative mRNA abundance of studied genes was determined using realtime PCR amplifications. Primers were designed with the Primer Express software 3.0 (PE Applied BioSystems, Foster City, CA). The PCR amplifications were performed in a 10-µL reaction volume consisting of corresponding concentrations of forward and reverse prim- ers (Table 3) , 5 µL of 2× Power SYBRGreen Master Mix (PE Applied BioSystems), 3 µL of 15× diluted cDNA, and 0.05 µL of Uracil N-glycosylase AmpErase (PE Applied BioSystems). Cycling conditions, detection, and data analysis were performed as described previously (Labrecque et al., 2009 ). Specificity of amplified fragments was verified with the melting curve analysis. Three reference genes were also amplified to identify the one that was the least affected by treatments. These reference genes are peptidylprolyl isomerase A, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and ubiquitin C (UBC). Amplifications were performed in triplicate, and standard curves were established in duplicate for each gene. Standard curves were composed of serial dilutions of complementary DNA pools (Labrecque et al., 2009 ) and were used to obtain the relative quantification of mRNA using the standard curve method as described in the User Bulletin 2 (Applied Biosystems, 1997). Relative quantification values were then normalized using the GAPDH reference gene, which was not affected by treatment (P > 0.10). For each experimental sample, the amount of the studied genes relative to GAPDH mRNA was determined from their respective standard curves. Relative quantity ratios were obtained by dividing the relative quantity units of the studied genes by those of GAPDH. Mean values from triplicates were used to perform the statistical analyses.
Statistical Analyses
The MIXED procedure (SAS Inst. Inc., Cary, NC) was used for statistical analyses. The univariate model used for backfat, loin thickness, mammary gland, and molecular biology data included the effect of experimental regimen with the residual error being the error term used to test main effects of treatment. Repeated measures ANOVA with the factors treatment (the error term being gilt within treatment) and week (the residual error being the error term) and the treatment × week interaction were carried out on BW, feed intake, metabolite, and IGF-I data. Data in tables are presented as least squares means ± maximal SEM.
RESULTS

Performance and Blood Data
Body weight and feed intake data of growing-finishing gilts are shown in Table 4 . The BW was reduced in TRT gilts compared with CTL gilts following each of the restriction periods. Furthermore, on wk 14, TRT gilts were still lighter in BW than CTL gilts (P < 0.05). Body weight gain was also reduced during each of the restriction periods (P < 0.01), and the G:F was also reduced (P < 0.05) during these periods. Total feed intake only tended to differ between wk 6 and 10 of the trial, being less for TRT than CTL gilts (P < 0.10). Backfat thickness on wk 14 did not differ between treatment groups, but there was a tendency for TRT gilts to have less LM thickness (P < 0.10).
Circulating concentrations of urea, FFA, glucose, and IGF-I in gilts at each diet change are shown in Table  5 . Concentrations of urea and IGF-I were decreased in TRT compared with CTL gilts (P < 0.01) at the end of each period where the RES diet was fed (wk 3 and 10), and they were similar for CTL and TRT gilts after the OVER diet was fed, with the exception of urea, which was greater in TRT than CTL gilts (P < 0.01) on wk 14. On the other hand, concentrations of FFA (P < 0.01) and glucose (P < 0.05) were greater in TRT than in CTL gilts after the OVER diet was fed (wk 6 and 14), with the value for glucose on wk 14 being a tendency (P < 0.10).
Mammary Gland and Ovary Data
Composition of mammary tissue and relative mRNA abundance of selected genes in mammary parenchyma at slaughter (at approximately 235 d of age) are shown in Table 6 . The amount of extraparenchymal tissue in mammary glands was similar for TRT and CTL gilts; however, there was less parenchymal tissue in TRT than in CTL gilts (P ≤ 0.05), which represented a 19.4% decrease. Accordingly, even though the percentage of fat or protein in parenchymal tissue did not differ between the 2 groups, there were tendencies (P < 0.10) for TRT gilts to have less total parenchymal fat PRLR-LF = long form of the prolactin receptor; STAT5A and STAT5B = signal transducers and activators of transduction 5A and 5B, respectively; WAP = whey acidic protein; CSN2 = β casein; GGT1 = gamma-glutamyltransferase1; ODC1 = ornithine decarboxylase 1; GAPDH = glyceraldehyde-3-phosphate; PPIA = peptidylpropyl isomerase A; and UBC = ubiquitin C. and less total parenchymal protein than CTL gilts. In parenchymal tissue, the relative mRNA abundance of 2 genes differed between treatment groups; TRT gilts had less STAT5B mRNA (P ≤ 0.05) and tended to have more CGT1 mRNA (P < 0.10) than CTL gilts. Weights of the ovaries at slaughter for CTL and TRT gilts, respectively, were 9.25 and 8.21 ± 0.93 g (P > 0.10) for the right ovary, and 8.35 and 8.59 ± 0.86 g (P > 0.10) for the left ovary.
DISCUSSION
The BW of TRT gilts did not catch up to that of CTL gilts during the OVER periods. In fact, the difference in BW between the CTL and TRT gilts was greater on wk 14 than on wk 6. It is likely that the OVER diet (containing 115% of the protein and DE contents from the CTL diet) did not contain enough energy to support greater BW gains. It is also possible that differences in ingredients used in the diet formulation may have played a role. Furthermore, even though animals were fed ad libitum, their physical stomach size may have limited the amount of OVER feed consumed. This is reflected by the feed intake, which showed no increase between CTL and TRT gilts during any of the 2 over-allowance periods. Skiba et al. (2006) also noted that animals, in which compensatory growth was induced following previous protein restriction, did not consume more feed. As expected, a reduced G:F was observed for TRT gilts because the RES diet had reduced energy and protein contents compared with the CTL diet. The similar backfat thickness but reduced LM thickness of TRT gilts at the end of the last over-allowance period indicates a reduced protein deposition. Martinez-Ramirez et al. (2009) also reported reduced loin depth and loin area during a re-alimentation phase that followed a feed-restriction phase (from 15 to 38 kg of BW) in male pigs, yet this effect disappeared with time.
Metabolic status of gilts was affected by the diets. Indeed, circulating concentrations of IGF-I decreased in TRT gilts during the restriction periods, which is indicative of a negative energy balance. Yet, IGF-I concentrations were similar in both groups at the end Means within a row with different superscripts differ (P < 0.01).
c,d
Means within a row with different superscripts differ (P ≤ 0.05).
e,f
Means within a row with different superscripts tend to differ (P < 0.10). 1 CTL = control (n = 23), and TRT = treatment regimen (n = 24), which provided 70 (restriction) and 115% (over-allowance) of the CTL diet in the CP and DE contents. Diets were fed ad libitum starting at 27.7 ± 3.4 kg of BW as follows: restriction, 3 wk, over-allowance, 3 wk, restriction, 4 wk, and over-allowance, 4 wk. Means within a row with different superscripts differ (P < 0.01).
Means within a row with different superscripts tend to differ (P < 0.10).
1 CTL = control (n = 23), and TRT = treatment regimen (n = 24), which provided 70 (restriction) and 115% (over-allowance) of the CTL diet in the CP and DE contents. Diets were fed ad libitum starting at 27.7 ± 3.4 kg of BW as follows: restriction, 3 wk, over-allowance, 3 wk, restriction, 4 wk, and over-allowance, 4 wk.
2 Maximum value.
of the 2 phases where the OVER diet was fed. This corroborates results of Lebret et al. (2007) where ad libitum feeding for 10 d after a period of feed restriction was long enough for IGF-I concentrations to reach concentrations similar to those of ad libitum-fed pigs. The decreased urea concentrations observed in TRT gilts in the restriction periods were expected because of the reduced protein intake. A decrease in urea was also observed by Crenshaw et al. (1988) in gilts subjected to the same experimental regimen as in the current trial. Increases in circulating triglycerides (Crenshaw et al., 1988 ) and FFA (current study) were observed when TRT gilts were fed the OVER diet, reflecting the greater energy intake. The fact that glucose concentrations were not reduced when TRT gilts were fed the RES diet may be indicative of mobilization of body fat as a source of energy, which may help to maintain glucose concentrations somehow. On the other hand, the increase in glucose concentrations when TRT gilts were fed the OVER diet once more reflects the greater energy intake. An increase in glucose in gilts fed the OVER diet was also noted by Crenshaw et al. (1988) , but only in the finishing period.
Current results are the first to demonstrate the effect of diet deprivation and subsequent over-allowance on mammary development in gilts. The reduced parenchymal tissue weight in TRT gilts is likely due to the decreased overall growth rate, as it was previously shown that restricted feed intake stunts mammary development in growing gilts Sorensen et al., 2006) . It is interesting to see that the composition of parenchymal tissue was not affected by the feeding scheme but that the decreased fat and protein contents of parenchymal tissue were brought about by the decrease in parenchymal tissue mass. It would be of interest to see if an OVER diet with an even greater energy content or feeding the OVER diet for a longer period of time could bring about compensatory growth and prove to be beneficial for mammogenesis.
Genes studied were chosen according to their previously reported modulation during compensatory feeding regimens (Choi et al., 1998; Moon and Park, 1999) or involvement during mammary growth (Palin et al., 2002 (Palin et al., , 2004 Farmer and Palin, 2005) . Among those genes, STAT5B was the only gene showing a difference in relative mRNA abundance between TRT and CTL Means within a row with different superscripts tend to differ (P < 0.10).
1 CTL = control (n = 23), and TRT = treatment regimen (n = 24), which provided 70 (restriction) and 115% (over-allowance) of the CTL diet in the CP and DE contents. Diets were fed ad libitum starting at 27.7 ± 3.4 kg of BW as follows: restriction, 3 wk, over-allowance, 3 wk, restriction, 4 wk, and over-allowance, 4 wk. Relative mRNA abundances. Values correspond to the relative abundance of mRNA of studied genes. PRLR-LF = long form of the prolactin receptor; STAT5A and STAT5B = signal transducers and activators of transduction 5A and 5B, respectively; WAP = whey acidic protein; CSN2 = β casein; GGT1 = gammaglutamyltransferase 1; and ODC1 = ornithine decarboxylase 1.
gilts. Despite the fact that STAT5A and STAT5B present a high degree of sequence similarity at the protein level in mammals, it was previously reported that they can have distinct and separable functions (Liu et al., 1997; Udy et al., 1997) . Although STAT5A was found to be mandatory for mammary gland development (Liu et al., 1997) , it was also observed that STAT5B is able and sufficient to compensate for the absence of STA-T5A (Liu et al., 1998) . Unlike other mammals, gene expression of STAT5B in mammary parenchymal tissue of pregnant gilts is predominant compared with that of STAT5A (Palin et al., 2002) . In that same study it was also observed that greater parenchymal tissue weights are associated with greater STAT5B mRNA abundance but not STAT5A mRNA abundance (Palin et al., 2002 ). In the current study, TRT gilts had reduced parenchymal tissue weights and reduced STAT5B relative mRNA abundance, but there was no effect on STAT5A mRNA abundance. This new finding further demonstrates the close association of STAT5B with parenchymal tissue development in gilts. However, additional work is needed to determine the exact role of STAT5B in mammary development during puberty.
In the current study, there was a tendency for greater GGT1 relative mRNA abundance in TRT compared with CTL gilts. Also, greater GGT1 transcripts have been reported in lactating mammary tissues of rats fed a compensatory nutrition regimen compared with those fed a control diet (Moon and Park, 1999) . Gamma-glutamyltransferase is a widely expressed cell membrane-bound enzyme that initiates extracellular glutathione breakdown and plays a key role in Cys metabolism (Zhang et al., 2005) . It was suggested earlier that GGT participates in AA translocation and uptake by mammary cells (Vina et al., 2001 ). Moreover, GGT activity was detected in water buffalo mammary tissue and colostrum in the first day of lactation (Pero et al., 2010) and in rat milk collected on d 9 to 11 postpartum (Fujikake and Ballatori, 2002) . It was also reported that milk GGT can degrade reduced glutathione, providing increased Cys concentrations in rat milk, which is known as a rate-limiting AA for neonatal growth and development (Fujikake and Ballatori, 2002) . To our knowledge, this is the first report on GGT1 transcript in mammary tissue during puberty, and the reason for the greater abundance of GGT1 mRNA in parenchymal tissue of TRT gilts remains to be determined because the composition of parenchymal tissue was not affected by the feeding scheme.
In conclusion, the current diet deprivation and overallowance regimen used in the growing-finishing period did not lead to compensatory growth and had detrimental effects on mammary development of pubertal gilts. It can, therefore, be speculated that the beneficial effects of this same feeding regimen, fed over the growing-finishing and gestation periods, reported by Crenshaw et al. (1989) on sow milk yield, was mainly related to effects incurred during gestation. It would be of interest to see if a diet that does bring about compensatory growth in growing-finishing gilts can have a positive effect on mammogenesis and to also determine the effect of nutritionally induced compensatory growth during gestation only on mammary development at the end of gestation and on sow lactation performance. Indeed, in rats, the improved milk yield observed when using a compensatory feeding regimen was associated with compensatory mammary cell proliferation during pregnancy and early lactation .
